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PROPULSION DEVELOPMENT 

Where are we headed? 
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• Where are we falling short in vision 

• Experience identified many generic operations concerns that cause 
status quo 

• OEPSS Study identified alternate concepts that offer major 
reduction in complexity and manpower intensive operations 
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CURRENT OPERATIONS IS SERIAL, TIME 
CONSUMING AND MANPOWER INTENSIVE 

Some major operations problems 
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OEPSS IDENTIFIES OPERATIONS PROBLEMS 

Causes and Effects 
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PROPULSION SYSTEM FOR ALS 
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BASELINE ALS VEHICLE 
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INTEGRATED" DESIGN INCREASES OPERABILITY 
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INTEGRATED DESIGN ELIMINATES 
COMPONENTS AND INTERFACES 
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INTEGRATED DESIGN INCREASES ROBUSTNESS 

AND COMMONALITY 
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8/4 BOOSTER-CORE CONFIGURATION ACHIEVES 

MAXIMUM COMMONALITY 
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INTEGRATED CONCEPT INCREASES 
RELIABILITY AND ENGINE-OUT CAPABILITY 
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INTEGRATED DESIGN HAS OPERATING MARGIN AND 

"COMPONENT-OUT" CAPABILITY 





ROBUST TURBOPUMP DESIGN 
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SEPARATE ENGINE HELIUM SUPPLY SYSTEMS 





INTEGRATED ENGINE HELIUM SUPPLY SYSTEM 

Pressure Regulator Assy. 
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Turbine Spin 


9 - Valves, regulators, filters and sonic nozzle 
1 - Pneumatic Control Assembly (PCA) 

Reduced leakage and maintenance requirements 








THRUST VECTOR CONTROL OPTIONS 
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THRUST VECTOR CONTROL FOR FIXED BOOSTER AND 

GIMBALED CORE* 
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Based on typical ALS trajectory to LEO 
Booster shutdown and separation condition 




SEPARATE ENGINES VS. INTEGRATED SYSTEM 
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BOOSTER PROPULSION MODULE RELIABILITY 

Separate Engines vs. Integrated System 
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BOOSTER PROPULSION MODULE SYSTEM COST 

Separate Engines vs. Integrated System 
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Cost factor for regen T/C T/P and HX: 1.2,1.5 and 2.0 
** 500th unit cost 
*** 10% separate; 5% integrated 
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BOOSTER PROPULSION MODULE SYSTEM WEIGHT 

Separate Engines vs. Integrated System 
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INTEGRATED PROPULSION MODULE 
IS RELIABLE AND LOW COST 
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INTEGRATED PROPULSION MODULE IS FLEXIBLE 
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INTEGRATED PROPULSION MODULE HAS WIDE 

PAYLOAD RANGE 
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• High propellant transfer pressures required 

• Elevation of LOX tank requires ground pumps for propellant loading 

Other impacts 

• LH 2tank and intertank structure required to support heavy LOX tank 
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Higher total tank set cost may be offset by 
easier fabrication and transportation of 
individual tanks 






















































ANTIGEYSER LOX TANK AFT PROPULSION SYSTEM 
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VEHICLE CONTROL IMPACT 
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SUMMARY & RECOMMENDATION 
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OEPSS IDENTIFIES OPERATIONS PROBLEMS 

Causes and Effects 
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OEPSS CONCERNS LIST 

"Launch Site Experience Base" 

Launch site systems create a "Nightmare" in process scheduling 
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OEPSS CONCERNS LIST 

"Launch Site Experience Base" 

• Concern: OEPSS-2 

• Hydraulic system for valve actuators and thrust vector control 
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periods of area clearing and serial operations 

• Potential options for consideration: 

• Electromechanical actuators 
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OEPSS CONCERNS LIST 

"Launch Site Experience Base" 

Concern: OEPSS-3 

• Ocean recovery and refurbishment 
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Robust structures and components that operate at reduced 
performance levels to assure long life and minimum rebuilding; 
"Caterpillar diesels" rather than "Indy 500 racers" 
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"Launch Site Experience Base" 
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Use BIT/BITE for torque/shaft-travel measurements 
Lower speed and turbine-end temperatures 




VERTICAL RAIL OPERATION 





sz O 
o c 
p — c > 

0 c _ 0) O 

o O o > f? 

. o u ■: i; 

or 

p -e o >» 2 
5 2 o o tS 

> E = = > 


5 s 

a> w 

■5 « 


c 5 o 

OO+i 

!E w '5. 

goo 

® (0 (Q 
</> Zz iz 


SSI.!. 


0) a> 

2 2 

1- 1— 


000 

+* +* 4-1 

CD CC CD 
> > > 
OOO 

LU LU LU 


c 

o 

' 5 ? 

’> 

Q 

O 

C 

> 

T 3 

(U 

■JC 

8 

tr 


r-WCO^lOCDNCOO) 




















Purpose: Install SSME Vertically Into Orbiter or Test Stand 
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OEPSS CONCERNS LIST 

"Launch Site Experience Base" 

Concern: OEPSS -15 

• Retractable umbilical carrier plates 
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Lift-off umbilicals - no retraction of plates - separation occurs as vehicle 
moves away. 

Consider simple design and low cost quick disconnect to justify discarding 
after launch versus expensive maintenance procedures 




RETRACTABLE UMBILICALS 
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"Launch Site Experience Base” 
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MAIN PROPULSION SYSTEM 

HELIUM SUBSYSTEM SCHEMATIC 







OEPSS CONCERNS LIST 

"Launch Site Experience Base" 

• Concern: OEPSS -17 

• Inert gas purging requirements 

• Operational impacts: 
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LOX BLEED SYSTEM OPERATIONS IMPACTS 
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Direct support, only, success oriented 
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HELIUM SUPPLY PANEL (MLP) 
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• Make vehicle as autonomous as possible to eliminate stage-to-stage 
interfaces 

• Consider "seal-welding" for mandatory separable joints to minimize 
potential leaks 
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LH2 T-0 UMBILICAL PANEL ORBITER LEFT SID 
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L02 T-0 UMBILICAL PANEL ORBITER RIGHT SIDE 
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"Launch Site Experience Base” 
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"Launch Site Experience Base” 
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• Concentric tank configuration - Ref. SIB configuration 

• Antigeyser lines 
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"Launch Site Experience Base” 
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• Utilize slow start sequence to accommodate wider range 
of propellant inlet conditions 
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OEPSS CONCERNS LIST 

"Launch Site Experience Base" 
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Use residual" propellant gases” for propulsion system shutdown purges 

Explore the use of less expensive gas (gaseous nitrogen) for large 
tankage blanket pressures. 
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"Launch Site Experience Base" 
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"Launch Site Experience Base" 
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OEPSS CONCERNS LIST 

"Launch Site Experience Base" 

Concern: OEPSS -25 

• Side mount booster launch vehicles 
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OPERATIONALLY EFFICIENT PROPULSION 

SYSTEM STUDY (OEPSS) 

Aaenda 
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PROPULSION SYSTEM OPERATIONS TECHNOLOGY 
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Anti-geyser, LOX tank aft propulsion concept 
Rocket engine air-augmented afterburning concept 
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No Purge Combustion Chamber 
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OPERATIONS TECHNOLOGY PROGRAM 

Oxidizer-rich Turbine For LOX Turbopump 
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OXIDIZER RICH TURBINE TECHNOLOGY PROGRAM 
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Hermetically Sealed Inert Engine And Tanks (Prelaunch) 
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HERMETICALLY SEALED INERT ENGINE PROGRAM 
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COMBINED O 2 /H 2 MPS, OMS, RCS, FUEL CELLS 

THERMAL MANAGEMENT 
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COMBINED O 2 /H 2 MPS, OMS, RCS, FUEL CELLS 

THERMAL MANAGEMENT 
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Each system has different types of components with unique 
maintenance, checkout, and servicing requirements 

Separate systems need separate crews of ground support personnel 

Complex logistics requirements 
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SHUTTLE GROUND OPERATIONS EFFICIENCIES/ 

TECHNOLOGIES STUDY (SGOE/T) 
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Large operational and maintenance headcount 
and material investment 
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VEHICLE CONFIGURATION COST DRIVERS 
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TEST AND CHECKOUT COST DRIVERS 
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LAUNCH PAD COST DRIVERS 
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INTEGRATED CMS VITAL TO EFFICIENT OPERATIONS 




O) 

C 


w 

(/) 


c 

o 

E 

s 

a> 


w 

0 


CO 


C ~ 
” u 
c 
0 


TJ 

0 


■D 
0 
o O 


0 

» 

0 

Ql 

E 

o 

o 

CO 

0 


0 . 0 ) 

(/> q= => 
'— CO 

(D O) W 


0 

o 


E £ 


o 

0 


0 0 
C Q 


0 0 
j*: 
0 


LU 


.Q 

0 

a. 

0 

O 

c 

O 0 

W 0 

o -= 

0 2 

■o § 

§ = 

0 ir 

c 

0 ~o 
c 

.E 0 

0 CD 

E ° 

= c 

■O 0 

0 e 

W«B 

0 o 

E *£ 

o 0 

+- Q_ 
3 

< • 




C 

0 



0 

3 

0 

0 

0 

E 





Rockwell International 



LESSONS LEARNED YIELD EFFICIENT OPERATIONS 
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INTEGRATION OF PROPULSION SYSTEM 
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MPS Logic Diagram 
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